Two proteinase inhibitors have been isolated from tubers of potato (Solanum tuberosum). Based on N-terminal amino acid sequence homologies, they are members of the Kunitz family of proteinase inhibitors. Potato Kunitz inhibitor-1 (molecular weight 19,500, isoelectric point 6.9) is a potent inhibitor of the animal pancreatic proteinase trypsin, and its amino terminus has significant homology to a recently characterized cathepsin D Kunitz inhibitor from potato tubers (Mares et a!. [1989] (19, 20) . In this paper, we describe two serine proteinase inhibitors from potato tubers that have differing proteinase inhibitory profiles but are both Kunitztype inhibitors based on amino-terminal sequence homologies. One closely resembles the previously described cathepsin D inhibitor (10). The other is an inhibitor of the microbial proteinase subtilisin and appears to be the same as the abundant 22 kD protein isolated by Suh et al. ( 19). This is the first Kunitz-type inhibitor of a microbial proteinase to be identified in a source other than from small grains.
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). Potato Kunitz inhibitor-2 (molecular weight 20,500, isoelectric point 8.6 ) is an inhibitor of the microbial proteinase subtilisin Carlsberg; its amino terminus is almost identical to an abundant 22 kilodalton protein from potato tubers (Suh et Potato tubers have long been recognized as an abundant source of a wide range of inhibitors of several different classes of proteinase, e.g. inhibitors of serine proteinases (2, 1 1), thiol proteinases (17, 18) , metallocarboxypeptidases (14) , etc. These inhibitors may play a significant role in the natural defense mechanisms of the tuber against insect and pathogen attack. However, it is only recently that Kunitz-type inhibitors from potato tubers have been described in detail. For example, a novel inhibitor of cathepsin D, an acid proteinase, has been isolated and characterized from potato tubers (10) , and the amino acid sequence of this protein (and another closely related inhibitor, 16 ) is homologous to the Kunitz family of proteinase inhibitors. Also, the sequence of an abundant 22 kD protein from potato tubers has homology to Kunitz trypsin inhibitors (19, 20) . In this paper, we describe two serine proteinase inhibitors from potato tubers that have differing proteinase inhibitory profiles but are both Kunitztype inhibitors based on amino-terminal sequence homologies. One closely resembles the previously described cathepsin D inhibitor (10) . The other is an inhibitor of the microbial proteinase subtilisin and appears to be the same as the abundant 22 kD protein isolated by Suh et al. ( 19) . This is the first Kunitz-type inhibitor of a microbial proteinase to be identified in a source other than from small grains.
MATERIALS AND METHODS
Potato (Solanum tuberosuim) tubers (var Russet Burbank) were purchased from a local market. Bovine trypsin, bovine (13) . Patatin adheres to the column and the majority of the Mr 20,000 proteins pass through.
HPLC
Anion exchange HPLC was performed with a Pharmacia Mono S 5/5 column equilibrated in 25 mm sodium acetate (pH 5.0) and using a 0 to 0.5 M NaCl gradient over 30 min with a flow rate of 1 mL/min. Reverse phase HPLC was performed with a Vydac C4 4.5 x 300 mm column equilibrated in 0. 1% TFA and eluted with a gradient of 0 to 35% acetonitrile over 8 min, then 35 to 65% acetonitrile over 30 min at a flow rate of 1 mL/min. Peaks were collected and lyophilized prior to SDS-PAGE analysis and amino terminal sequencing. 2 3 4 5 for 30 min. Supernatants were added to 0.4 mL 4 N NaOH and the absorbance measured at 440 nm.
Electrophoresis and Isoelectric Focusing
SDS-PAGE and isoelectric focusing were performed with a Pharmacia PhastSystem using 20% Phastgels for SDS-PAGE analyses and IEF 3-9 Phastgels for isoelectric focusing. Gels were stained with Coomassie blue. 
Assays of Proteinase Inhibition
Proteinase inhibition was assayed using azocasein as a substrate for selected proteinases. Assays were performed in Eppendorf tubes containing 10 gg proteinase with 10 or 50
Ag inhibitor in 0.1 mL buffer. Buffers were 50 mM Tris-Cl (pH 7.5), 20 (Fig. 1, lane 2) . In order to determine the nature of these predominant proteins, one preparation of 240 mg material obtained from 4.5 kg tubers was characterized further (Fig. 1,  lane 3) . Analysis ofthis preparation by cation exchange HPLC at pH 5.0 gave two well resolved major peaks, denoted PKI-12 and PKI-2 in Figure 2 , which were collected and analyzed by SDS-PAGE (Fig. 1, lanes 4 and 5) . The first peak contained a single polypeptide of Mr 19,500 and the second peak a slightly larger one of 20,500. The pI value of the polypeptide -Abbreviations: PKI, potato Kunitz inhibitor; pl, isoelectric point. in peak 1 was 6.9 and that in peak 2 was 8.6, as determined by isoelectric focusing. These values are consistent with their relative elution sequence from the Mono S column. The proteins were also well resolved by reverse phase HPLC (Fig. 2B ), but in this case the more basic polypeptide with a slightly larger M, eluted first (PKI-2 in Fig. 2A ). The two peaks were collected, lyophilized, and subjected to aminoterminal sequencing. A total of 40 of the first 42 aminoterminal residues of PKI-1, and 25 amino-terminal residues of PKI-2 were determined. These sequences were used to search the National Biomedical Research Foundation Protein Information Resource database (release 22.0). Both sequences had significant homology to several Kunitz-type inhibitors from a variety of plant sources. Figure 3A and B show comparisons of the amino-terminal sequences of PKI-1 and PKI-2 with each other and with other members of the Kunitz inhibitor family (5, 8-10, 15, 19, 22, 23) . Both potato proteins show conservation of residues that are characteristic of Kunitz inhibitors; Gly-13 of PKI-1 (Gly-11 of PKI-2), Tyr-22 of PKI-1 (Tyr-20 of PKI-2), and Gly-33 and 34 of PKI-1.
Although both PKI-1 and 2 are clearly members of the Kunitz family, they bear more similarity to other members of this family than to each other. PKI-1 is homologous to a cathepsin D inhibitor isolated from potato tubers (10), being identical in residues 21 to 42, but it differs in 12 of the first 20 residues (Fig. 3A) . The amino-terminal sequence of PKI-2 is quite different from PKI-1 but is almost identical to that of a 22 kD protein also isolated from potato tubers (19) , with only 2 of 21 residues being different. When compared to Kunitz-type inhibitors from other sources, PKI-2 bears more homology to the Kunitz-type subtilisin inhibitors from various grains than to PKI-1 (Fig. 3B) .
To further define the differences between PKI-1 and 2, the purified proteins were tested for inhibitory activity against (20) showed that the sequence of an abundant cDNA clone prepared from tuber mRNA was related to the Kunitz inhibitor family and the deduced amino acid sequence of this clone is identical to that of several members of the 22 kD complex of proteins characterized by Suh et al. (19) . The inhibitory properties of these proteins have not been described, but a cathepsin D inhibitor recently characterized from tubers is a Kunitz-type inhibitor and is also quite abundant in tubers (7, 10 Assays contained 10 mg proteinase and 50 yg inhibitor and were performed as described in "Materials and Methods." Inhibition is expressed relative to a control reaction containing no inhibitor.
The amino-terminal sequence of PKI-1 has strong homology to the sequences of two closely related cathepsin-D inhibitors (10, 16) , with identity between residues 21 to 42. These cathepsin D inhibitors, like PKI-1, possess significant inhibitory activity against trypsin. However, PKI-1 is distinct from these proteins, as 12 of the first 20 residues are different, including loss of the glycosylation site at Asn-19 of the cathepsin-D inhibitor. Also, the pl of the cathepsin D inhibitor is 8.5 (16), significantly higher than the value of 6.9 for PKI-1. The extent of sequence variation in the Kunitz family between tubers from different potato varieties is unknown, and so further data on amino acid sequences and activity profiles are required to ascertain the true diversity of Kunitz inhibitors in potato tubers.
PKI-2 is clearly equivalent to several members of the 22 kD complex of tuber proteins described by Suh et al., but the inhibitory profile of these proteins has not been described (19) . We have shown that PKI-2 is an inhibitor of subtilisin, a microbial proteinase. Although there have been numerous descriptions of the various proteinase inhibitory activities contained in potato tubers, PKI-2 is one of the relatively few examples of a microbial proteinase inhibitor from this source. It is also the first example of a Kunitz-type inhibitor of a microbial proteinase from a dicot. Other well characterized subtilisin inhibitors from dicots are members ofthe proteinase inhibitor I and II families, e.g. the inhibitors from adzuki beans (12) and broad beans (21) , and an inducible microbial proteinase inhibitor from tobacco (4) . In contrast to these inhibitors, PKI-2 appears to have a somewhat broad specificity, with limited but significant activity against both trypsin and chymotrypsin. Three Kunitz-type subtilisin inhibitors from monocot seeds, barley (22) , wheat (9) , and rice (22) , have been characterized and sequenced. The inhibitors from barley and wheat are bifunctional and possess activity against insect amylases (3). It will be of interest to further characterize the inhibitory spectrum and potency of PKI-2 and other potato Kunitz inhibitors against a variety of microbial proteinases, as they may contribute to the natural defense mechanisms of the tuber against pathogen attack.
